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Abstract of US6103509 

The invention provides a modified pyrrolo-quinoline quinone glucose dehydrogenase 
CPOOGDH) enzyme protein which is modified to have a substrate specificity to glucose. 
The modified PQQGDH of the invention exhibits a high substrate specificity compared 
to the wild type PQQGDH, thus is useful in determining glucose concentration in 
clinical assays and food analyses. A gene coding for the modified PQQGDH and a 
glucose sensor comprising the m odified PQQGDH are al so disclosed. 
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(57) [£»] 

*»fxyiUk7oU (JKTE-coli) S 
jfetttfDO*/ U > (EtTPQQ) *«B*i:rsy 
JVn-^K**»* («TGDH) (D7 7 5S@(DtXf 

»ufctt*a!PQQGDHB«aafi*3- Kr^ae^n* 
cf**B3ft*a*fflPQQci«»*aaR. 

**S!PQQGDHtt*««F*tt^«n, yjUn- 



( 

1 

H8*»l] *ilx->iUt7-3'J (fiTFE. col 
i) U>*y > (KTPQQ) ^ffi^^<h 

T£^;io-xa»7K*B* («TGDH) CO 7 7 
b7 7 yMEM-Ala-Gly-Gly-His-Gly-Ser 
-Phe-(D7 7 5t@(?)hXfy>Si^7X/l7^>, 
7XA'7*>II, izU >, ^D~>>, X^'Jy>^bI 

«*n*75 y Ka*"c«»bfcefe«a!PQQGDHB*aa 

Ho 

[iraa 2 ] ttm*$0«s»ss i ^iBa<D5fe^^ pqqg 
DH»ifiae^^a6^*issn*3S[Ra!PQQGDH»*aa 

Ho 
[0 0 0 1 ] 

•nU (J^TE-coli) fi^eop + y U>*;>(Et 
TPQQ) £ffiB*£T£^:3-X]ltt**B* (Jt^TGD 

h) ©«F5ea)T5/RasftAftwntt©7syMa» 

TH»Lfca[^SPQQGDHtrHT*t><7)T&0, J:0I¥8B 
K«E. C0li^*(DPQQGDHC0 7 7 2fg^b 7 7 8#gtf) 
T^y»E^J-Ala-Gly-Gly-His-Gly-Ser-Phe-<7)7 7 5 
f|(^hXfy>^1^77M7^X 7X/t7^> 

-trU>, ^n~>>, xtt'J^>^61RSft*75 
y S»lTlj(t L fc3fc£S! PQQGDHB — HT 

SPQQGDHO«iSae^{3S^€r*ffi$nsa[SS!PQQGDH 
SXSgRCHL, a^*B*«tt**SE**a#«ft 

[0 0 0 2] 

tr (J^TGOD) »£Wi$Om-X6 U >»8B** 
Bit (UTG6PDH) *fflVi*B*j*^J:OS*StlT^ 
fc. L^U GOD*flaiiS*ffiT«»feJKlC*H*<fc 

*^as«ir^^»^»^/to sfcGODSrffli^n-r^i: 
$n*«tcas«**±i;*Rfiitt^ft^fc, G6P 

EK3RH*B*"C*«)NAD(P) *«iniLftttntf 
[0 0 0 3 ] 
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m t utpqqgdh <b&m pqqgdh ^isb 

T\ »tfT»S^J6ffl^»B«F$nTl^o ftKE. col i* 

**B*PQQGDHtt-tO»fflae^»&nT*0 (AM. c 
leton-Jansen et a)., J. Bacterid. (1990) 172, 6308- 
6315) , *fcJ»ft*tt©jflLT*A*«flIlEtt2:t*«»*S 
10 ntl/^ (K. Sode et al. , FEBS Lett. (1995) 364, 325 
-327) u^b, (Sffl^WSSnTl^, L^U E. co 
1 i m ^PQQGDH \*#)Vz*-XSk9[><omti'b&J&-rzz.tfr 
t> (Ameyama et al. , Agric. Biol. Chem. (1986) 50, 49- 
57) , aK»»ttOA7?IWH^*^fc. 
[0 0 0 4] 

[»i€*ftt5fc«>0#8] *»W#ttC©J:53te« 
*coPQQGDH^&SUT^^^p a p^^cHtClSffl^ 

%%&&m?mm<Dmmz®.Mm2c%:nu-Drzo e. con 

a*a>PQQGDHa>as»**A^fcB*«)'5%a«#*tt© 
20 #^«)Ti«ViB*S:A.*iIt^«aibfc. EP*>* E. coli 
S*C7)PQQGDHC0 7 7 2S@^b 7 7 8#@(D757KE 
^iJ-A 1 a-G 1 y-G 1 y-H i s-G 1 y-Se r-Phe- CO 7 7 5#gtf)t:X 

JftL^eS:^S!PQQGDHB*SaR€:n- FtSIfiT* «fc 

tfa^aiPQQGDH^waae^nx^s^K^nia^a! 

PQQGDHB^M S K « ^ 3 - X t ttS t /u fE 

30 luSfflT**. K^-rSBRfi^UT 7 7 5S@(Z)hXf 

TtwGluconobacter oxydans (Wny/^^-t^y 
y>X ; £TFG. oxydans) fi*PQQGDHl;:43^T*-<Ofl|jfi 
IW(?)7 8 7*B(DtX^>?>58S^TX^7^>a 
*na«8*»Lfc«RB*<35»JM*»tt^«Sffl<0 G. ox 
ydans**PQQGDH<DSK1*Stt^lt'<T<£< O , >f)V 

o£ (AM. Cleton-Jansen et al., Mo 1. Gen. Genet. (199 
1) 229, 206-212) . Ift/i^T £<Dg|$ftteG. oxydans Efc 
40 *PQQGDHWSMC0igia^^^Tmg^SfiJ^(I^^T^ 
5£#*b*lfco G. oxydans (7)7 8 

5tXfy>SSttE. coliS*PQQGDHH*^T«7 7 5 
§ g (OT ^ J BlSilifflS L . G. oxydans **PQQGDH £ 
imif;ifcX^> J >$gT&£ (G. E. Cozier and C. Ant ho 
ny. Biochem. J. (1995) 312, 679-685) . LfrU G. oxy 
dans*5fePQQGDH^^n-XK^«t««tAri:El6 
Lte^tDfittL (Ameyama etal., Agric. Biol. Chem. (19 
81) 45. 851-861) , E. col i **PQQGDH«-5-(DffiO«t 
fcEJ^T^o E. col i ^PQQGDH CO 7 7 5 

50 #B^ffl3-r*tx^>«so)Sii«Fatta)a«ttG. 



( 

3 

oxydansEfe^PQQGDH<D7 8 7#g0tXf y>9S©S 
Mfctt*ftoT^*£#*S*lifc. Lfc^oT* E. coli 
&*PQQGDH<£>7 7 5SI«)tX^>Si*i(D75; 

jftTJ^fc. E. coli**PQQGDH 7 7 5»KD7$y»a 
M7XA 5 7*>ilCIil^:tr5, 3fc8ES!PQQGDH 
<DSK«FStt«S5S0. G. oxydansifi&PQQGDHtCJo^T 

[0005] BfeSfflPQQGDH^aiaate^ 

*5S:^SiB*<7)«ifij»GT««e*«ft$tiTl.^ E. coli 
fi3*PQQGDH<7)7 7 2#B^6 7 7 8 # g CDT 5 / KE7U 
-A 1 a-G 1 y-G 1 y-H i s-G 1 y-Se r-Phe- C7) 7 7 SSIObXf 

S75ysas$a - Kr***EwtwB»*nfc«jt 

^fltt^c E. colifi*PQQGDH(Djte^^43^T7 7 

SKae^SWRLfc. H775N, H775D, 

H775S> H775Y43«fctfH775Ki:A*L>jfc. 

[0 0 0 6] ac£SPQQGDHO>«it#ffi 
E. coli*3fcPQQGDH<D7 7 2S@^i 7 7 8#@C7)7^ 7 
KE*J-Ala-Gly-Gly-His-Gly-Ser-Phe-<0 7 7 5#|(D 
hXfy>»7XA7^X 7X/17*>», -tU 
>, fay>, X^'Jy>^bM^n^7$/^« 
■CH»bfeft^S!PQQGDHB*SaR(Z)*ifiae^S:j»e 

HCffAl, :ti^E. coli 

a \mrt * ystmz a v h v => -7 j - \z j: o *&sst 

*itH«tiJ, »SCfflPQQGDH*«»r*. 

[0 0 0 7 ] Sff4#Stt 
E. coliEfe*PQQGDHtf)7 7 281*^ 7 7 8f&@CDT^/ 
»E^J-Ala-Gly-Gly-His-G1y-Ser-Phe-C0 7 7 5#gco 
tXfy>^7XA e 7^>, 7XA7^>1, "tr 1 J 

Tlt«Ufcac«l!PQQGDHB*BaR€:3- KT^ate? 

n*BMES! PQQGDHB*SS K«S»«fR 
ttfC*5liTa*«flfr* nx^-S E. col i E&&PQQGDH £ US 

*SPQQGDH«^=i-X^<7)«£«St^£Krt?U/ci: 
[0 0 0 8] 
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[36WG)3b*] a^SPQQGDHtt^a-XfcftSMKJR 
[0 0 0 9] 

[ooio] %mm i 

10 KXSPQQGDHafi^wWa 

BifiRSKDE. col i a3fePQQGDH£>eti§iteT*£ fe £ 
lcaoTBBffi1#SW«affiHJ:0 7 7 5SlOtXfy 
>SS£:3-KT*«SE*I*7X/^*>. 7X/\ S 7 

SSSE?iJl:iftl/fc. £~f* ^^^-^7X5 H pKFl 
8k (SiBiStt) (ZE. coli DH5aa#PQQGDH<&«ifi«£^ 
(K. Sode and H. Sano. BiotechnoK Lett. (1994) 16, 45 
5-460) tf>— g&T'&£ Aval-Hindi II £ 
n£^>7V- hchL/zc ^<7)t->-7°U- h BOfmol chS 
20 fgilftKMu tan-Express Km*>y HlttKaMrU* ->3 > 

T^-rv-5pmoK u>K{kUfc*^*2Jc^r^-y 

*y f-y^-f T-50pmol*±ft (20ul) CD1/10»CD|B]^ 
v h(DT-->J >W777-ttfef:^L, 100 

-iiaRie?o8*nii:«at5*iEM*fi/, 3' 

©JCDCGT-3' a>S5'ffl<B5'-AAA£Ttf7 7 2#B<0Ala*> 
b 7 7 8#S<DPhe£T0>:3 K>0)ffiti»T»£>. irU 

A'7 7 7- 1 1©T4 DNA U#— if. lul^T4DNA 
#'J*7-1f*5j:tf 5 u l^aSrtfciinATfflffia*^ 
^cL/Zo in?: D N A05 X7 «a«*fi«tT'»S 
Lcoli BMH71-18 mutSKJBKtefeU -ftfitoM^: 

/t^7X^ K£E. coli MVll84^»K(E«Lfco R±<£> 
mmzJ:Qm*>tltcE. coli ^m^an--^^ 

feo dOWM-S^^fflPQQGDHOWjSJie^OAval-Hindl 
IIHfTM-tAn#^> BfcSESIPQQGDHoae^SWaSLfc. 

[ooii] mmw 2 

^S€r-&t^»*o*ifiiiie^ * e. coi \m<Dmm^5> 

T»*pTrc99A C7r;i^>7tt) (D^)V^^ n-n > 
^<M:jfAL, SS^^c^X^ F£PQQGDH£g 
Bg^^^b^cE. coli PP2418^ (AM. Cleton-Jansen et a 
50 1. J. Bacteriol. (1990), 172, 6308-6315) 



5 

Lfzo z.n*mx\ti%ntr vv^-Jhy. o. 5%@f^ 

X^X. 0. 5%NaCl^&«^L»*T^Heiftft:S:«* 
T^o ig^tr«101CD^±^r-^>^-KMJ-10C-FPMII 

1 ty^rAtS) *l^fc. 450ml<DLi& 
ift (7>tff>U > 50/xg/mK ^P7A7x-3-^ 30 
Mg/ml^W) t«P77Xn^k 37"CT-»St5 
iSSb^cS^^y 7-/>^-*OX lOnM MgCl s . 500 
;uMPQQ£:^t?7 l©L*«l:tiUfc. S*BBSfi^fi2 
BSPpIT-T y7D^W7^ h->K£J»«ffi 0. 3mMH 

SSK>#IB (5000xg, io», 4t) TB#£HIiKU 
^O»fr€:0.85%NaCl»SST2I5li5t»rSo SSl/^cI 
M7U>f^l/XT«l, S'L^BI (lOOOOXg, 1 

( 1 60500 xg (40000r. p. m. ) , 905^. 4<C) 
U f^jlj^^tf^o Cin^O. U(w/v) h7-f h> X-100 
SmMMgCh lOuMU >RtK«ffi pH7.0£, *>/^H lOOmg 
\ZliL 1 mU3^:SJ:^(ZftJ^T*±T30»raai$L, K 

U (w/v) h7^h> x-ioo 

BmMMgCh 0. 2MKC1 lOmMU pH7. 0*, 

2 m lOOrng t;:*r L 1 ml J: o IzUU XX 30#M 

BtiSfrSrO. 1% (w/v) Triton X-100 lOmM'J pH 
7.0T-«6S«f-rSo »*rLfciJ->7 p ;i^ft0. IX (w/v) 
-f h>X-100 10iiMU>Ktt«ffi PH7. 0 (T¥«{bL>fc» 
<*>32»^PVh^^7>r-ffl^**7ATSKgel DEA 
E-T0Y0PEARL 650M (*l/-*5te4h) f^E^ £itfc 0 d 

c7)*^ajc i % (w/v) h^-r h>x-ioo lOmMu >mmm 

m pH7.0 4 750nl«Lfc», 0-0. lMKCl£^fr0. l%(w/v) 
h^<h> X-100 10mMU>K»«« pH7.0*ffl^, » 
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*««fflS-frfc. «iStt5m]/minTfT^fc. dm?f#b 
ftfc«ttli«'£0. 235 (w/v) h ^ h >X-100 lOmM'J 

[0012] ^ffi^tj 3 

»*igttOfllStt0.2%(w/v) h7^h> X-100 10mMU> 
&mmm pH7. O + f^^TPMS (7ity>^ hUJl^ 
-DCIP (2, 6-y^DD7i;-H>F7i 
10 y-JU) DCIPtf)600nmCD©7t^{b£ji^U 

jumol<7>DCIP^S7C^n^)B?^Stt?:l 
a^htlL DCIP<7)pH7. OJr^Vt^^KJt 

«&fil6. 3mM-l t Isfz* «3eiCtt»3631fi*tHIV-1200 

[0013] ^i6#J 4 

SMS»(Z>»«»*£ 5 uMPQQ. lOmMMgCUffffiTT 1 
Ba±*Pftbft. cn*187Ml^»i£U, 3u\<D 
20 ^ttl^^ (6mMDCIP 48 m 1, 600mMPMS 8 u I 0. 2% b 

b>\mv >wtmffim phl o i6^i) £#»£<E>suig 
[0014] mmm s 

tt^SPQQGDH £ m V >T ^ a - X £##t L 4 HI 

nr^To *i*tt±»(7)»*stt(Z)a5ejs^qii;, dcip 

©600nm©K*aEO*ftft»*tLfc. Hli:«3ft* 
i^l:, a«S!PQQGDHS:fflV^Ci:^«tO, 
30 0>£ft&*fT& 
[0 0 15] 

[* 1 ] Bfc3EaM*©XK#Stt 
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[0 0 16] 

H775N 5' -CC-\AA-TGA-ACC-GTT-ACC-GCC-TGC-GG-3' 
H775D 5' -CC-AAA-TGA-ACC-GTC-ACC-GCC-TGC-GG-3' 
H775S 5' -CC-AAA-TGA-ACC-GGA-ACC-GCC-TGC-GG-3' 
H775Y 5' -CC-AM-TGA-ACC^TA-ACC-GCC-TGC-GG-3' 



H775K 5' -CC-AAA-TGA-ACC-TTT-ACC-GCC-TGC-GG-3' 

?<Dttffim\zttmTz>mmmm*tiL* 3'«<©tgc-3' & 

e>5'«©5'-AAAST^7 7 2#@CDAla^b 7 7 8#g 
50 [mil *»Wt'«S5fe«SPQQGDH«)B*«ttt^ 
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